A novel xylanolytic and cellulolytic strain, BL9 T , was isolated from leaves of the Bamboo plants maintained at the Tamil Nadu Agricultural University Campus, Coimbatore, India. On the basis of the results of 16S rRNA gene analysis, it was determined to be phylogenetically close to the type strains of Paenibacillus amylolyticus NRRL NRS-290 T (98.3 %), Paenibacillus barcinonensis BP-23 T (98.1 %), Paenibacillus tundrae A10b T (98.0 %) and Paenibacillus xylanexedens B22a T (97.6 %). The strain stained Gram variable and was aerobic, motile and catalase-and oxidase-positive, with rod-shaped cells. Based upon the genome sequence, the average nucleotide identity with the related species ranged from 66 % to 72 %, and the digital DNA-DNA hybridization value ranged from 13 % to 27 %. The DNA G+C content was 45.6 mol%, meso-diaminopimelic acid was identified as the predominant component of the cell wall, and MK-7 was the only menaquinone in cell membranes. The whole-cell fatty acid profile included C 16 : 0 , iso-C 14 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 . The polar lipids identified were phosphatidylethanolamine, phosphatidylglycerol, phosphatidylserine and diphosphtidylglycerol. On the basis of these polyphasic taxonomic traits, BL9 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus polysaccharolyticus sp. nov. is proposed. The type strain is BL9 T (=NBRC 105191 T =ICMP 17623 T ).
The genus Paenibacillus belongs to a monophyletic cluster that also includes the genera Brevibacillus, Cohnella and Thermobacillus. Typical characteristics features of species of the genus Paenibacillus include rod-shaped cells with a Gram-stain-positive type of cell wall, that often stain Gramnegative or variable, peritrichous flagellation and obligate or facultatively aerobic metabolism [1] . The genus Paenibacillus was mainly created to accommodate species with 16S rRNA gene sequences (previously referred to as RNA group 3) that could not be assigned to the genus Bacillus [2] . As per the LPSN website [3] , the number of species with validly published names is around 200 (www.bacterio.net/paenibacillus.html). However, a recent metagenomic analysis of samples from various soil and plant habitats clearly demonstrated that the number of species of the genus Paenibacillus in the phyllosphere and rhizosphere of rice is likely to be twofold higher [4, 5] . Among the different components of organic matter, hemicellulose is an abundant polymer that is widely distributed in plant systems and contains large amounts of xylan [6] . Surprisingly, among different plantassociated bacterial genera, several species of the genus Paenibacillus were potential xylan degraders. Xylan degradation was commonly noticed in species of the genus Paenibacillus recovered from soil and plant environments [3] . A few species have been exclusively named based on the xylanolytic property alone, including Paenibacillus xylanilyticus, Paenibacillus xylanexedens and Paenibacillus xylanisolvens [7] [8] [9] .
A study was initiated to identify the diversity of one-carbonutilizing bacteria residing in the phyllosphere of bamboo plants maintained at Tamil Nadu Agricultural University IP: 54.70.40.11
On: Sun, 30 Dec 2018 12:51:53 campus, Coimbatore, India (11 N, 77 E) . This resulted in identification of novel species of bacteria including Methylobacterium pseudosasae [10] , Methylobacterium pseudosasicola and Methylobacterium phyllostachyos [11] and Paenibacillus methanolicus [12] . The present study describes a strain, designated BL9 T , isolated from leaves of Phyllostachys aureosulcata using ammonium mineral salts (AMS) medium [13] adapted from previously published methods [12] .
The morphological features of BL9 T , catalase and cytochrome oxidase activity were observed as described by Cappuccino and Sherman [14] . For catalase activity, an exponential culture yielded a positive reaction with immediate bubble formation after adding 3 % H 2 O 2 . The cytochrome oxidase activity was also positive and formed a dark purple or indophenol blue colour within 15-30 s of addition of the reagent (1 % tetra-methyl-p-phenylenediamine dihydrochloride). The external environmental factors affecting growth, including pH, temperature and NaCl concentration, were determined as described by Cheng et al. [15] . Swarming motility was tested by culturing the organisms in R2A media that contained 0.4 % soft agar (w/v). In brief, the growth at different temperatures (4, 15, 20, 25, 28, 37 and 42 C) was tested in R2A broth. For pH, the R2A broth was adjusted to pH 4.0-11.0 at 0.5 pH-unit intervals using acetate, phosphate and Tris buffers (used at final concentrations of 10 mM). For assessing NaCl tolerance, R2A broth was amended with 0-6 % NaCl at 0.5 % incremental concentrations. Growth was assessed after 72 h using OD 620 . Most of the enzymic activities were assessed employing the API ZYM system (bio-M erieux). Utilization of polymeric substrates was qualitatively examined using Biolog GP2 MicroPlates as per previously published methodology [12, 16, 17] . The cellulose and xylose degradation potential of BL9
T was analyzed separately in CMC-or xylan-amended (5 g l À1 ) basal medium containing the following substances per litre: NaNO 3 , 1 g; K 2 HPO 4 , 1 g; KCl, 1 g; MgSO 4 , 0.5 g; yeast extract, 0.5 g; glucose, 1 g and agar, 17 g. Cultures were incubated for 72 h, and a positive result (formation of a clear halo) was ascertained by adding 0.1 % Congo red solution, incubating for 30 min, and washing with 5 M NaCl [18] . For scanning electron microscopy (SEM) studies, the sample was processed as per the methodology described by Bozzola and Russel [19] and the images were visualized using a S-2500C SEM (Hitachi).
Morphological analysis revealed that the cells of BL9
T are rod shaped and motile (Fig. S1 , available in the online Supplementary Material). The strain was an aerobe, but in the presence of NO 3 grew anaerobically using NO 3 as an alternate electron acceptor. In R2A agar, it formed creamy white colonies, circular, with convex appearance and 0.5-1.2 mm in diameter after 2 days growth at 30 C. In addition its substrate utilization pattern, enzymic activities and other biochemical properties were compared with those of its phylogenetically closest relatives (Table 1) . Positive cytochrome oxidase activity served as one of the differentiating features among the closely related strains. BL9
T also tolerated a wider range of pH (pH 4-10) than many closely related strains. With respect to enzyme activities, all the strains were positive for most enzymes except afucosidase. Most of the previously described species of the genus Paenibacillus possess cellulolytic and xylanolytic activity [7] [8] [9] . BL9 T also was positive for cellulase (3.1 cm diameter clearing zones on test plates) and xylanase (4.3 cm diameter) (Fig. S2) . Due to the high xylanase activity under in vitro conditions, the xylanase activity in broth cultures after 48 h of incubation at 37 C was quantified as 18.7±3.3 U ml
À1
.
DNA was extracted from BL9
T , and the 16S rRNA gene sequence was amplified for phylogenetic analysis as described by Madhaiyan et al. [12] . The results of the phylogenetic analysis revealed that the 16S rRNA gene (1455 bp) of strain BL9
T formed a separate cluster with the evolutionarily related type strains of P. amylolyticus NRRL NRS-290 T (98.2 %), P. barcinonensis BP-23 T (98.1 %), P. tundrae A10b T (98 %) and P. xylanexedens B22a T (97.6 %) within the family Paenibacillaceae. Similar tree topology was recorded for all three (neighbour-joining, maximum-parsimony and maximum-likelihood) treeing algorithms (Figs 1, S3 and S4). For exact taxonomic placement, a housekeeping gene (rpoB) sequence was analysed, the rpo gene sequence of BL9
T was retrieved from the Genomes OnLine Database (GOLD) and the sequences of phylogenetically closely related strains were also obtained from GOLD and GenBank databases. The most closely related species possessed 16S rRNA gene similarity values less than 98.2 %, which was well within the limit (98.65 %) proposed for delineating a novel species [20] . When the maximum-likelihood tree was reconstructed for the rpo gene. It was found that BL9
T was clustering with the P. amylolyticus and P. xylanexedens clade with high (94 %) bootstrap support (Fig. 2 ). Both these observations clearly indicate that the strain represents a novel species within the genus Paenibacillus [21] [22] [23] .
Next generation sequencing using Illumina MiSeq Technology [24] was adopted to elucidate the draft genome sequence of BL9
T at the DOE Joint Genome Institute. A total of 6, 495, 147 paired-end reads were generated on an Illumina MiSeq, at an average read length of 160 bp. This whole genome shotgun project details were deposited at GenBank under the accession number FMVM01000000. The average nucleotide identity (ANI) was calculated independent of DNA G+C content with the algorithm of Goris et al. [25] using the EzGenome database. The digital DNA-DNA hybridization (dDDH) values were calculated using the genome BLAST distance phylogeny method [23] (version 2.1; ggdc.dsmz.de). The calculated ANI values of BL9
T with species of the genus Paenibacillus whose genomes have been sequenced ranged from 66 % to 72 % (EzGenome) (Table S1 ) Since a cut off value less than 95 % is indicative of separate species, these results clearly indicate that they represented different species [25, 26] . On dDDH analysis, comparison of BL9 T with phylogenetically closely related strains showed values ranging between 13 % and 27 % (Table S2) or less than the value proposed (<70 %) for delineation of species [27] .
These genome-based approaches clearly demonstrated that BL9
T represented a novel species within the family Paenibacillaceae. Furthermore, the taxonomic relationship of BL9 T with the evolutionarily most closely related strains was determined by DNA-DNA hybridization using nitrocellulose membranes as described previously [12] . Percentages of hybridization between BL9
T and its close relatives, including P. amylolyticus KCTC 3455 T (25.6±3.01), P. tundrae DSM 6 -phosphate, and DL-aglycerol phosphate as sole carbon sources. All the strains were positive for the major isoprenoid quinone MK-7. +, Positive; À, negative; ND, no data available. All the data were obtained from the present study. T (24.8±2.61), were well below the standard value of 70 % recommended for delineation of species [27] . These data clearly indicate that BL9 T could be accommodated within the genus Paenibacillus as representing a novel species.
The chemotaxonomic markers, including DNA G+C content, menaquinone type and the cell wall peptidoglycan, were analysed using standard protocols described previously [12, 28] . The whole-cell fatty acid esters were obtained by cultivating BL9
T cells in 50 ml R2A broth in a 250 ml flask maintained at 120 r.p.m. at 30 C for 48 h. Under similar conditions P. amylolyticus KCTC 3455 T , P. barcinonensis KACC 11450 T , P. tundrae DSM-21291 T and P. xylanexedens DSM-21292 T were grown and subjected to fatty acid extraction. The cell pellets were saponified and fatty acids were methylated and analysed using a gas chromatograph (model 6890, Hewlett Packard). Peak identification was achieved by comparison with the standard peaks in the library RTSBA6 database www.midi-inc.com/ [29] . The polar lipids analysis was carried out by extracting, separating and visualizing the polar lipids from 1 g of freeze dried cells that were grown in the R2A medium using the methodologies adopted by Minnikin et al. [30] .
The whole-cell DNA G+C content was estimated as 45.6 mol% (genome-sequence-based), the unique fatty acids observed in significant quantities (>10 %) include C 16 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 , (a complete summary of the fatty acids observed is provided in Table 2 ). The polar lipids observed were phosphatidylethanolamine, phosphatidylglycerol, phosphatidylserine, diphosphtidylglycerol and an unidentified lipid (Fig. S5) . The cell wall possessed meso diaminopimelic acid, which is a diagnostic diamino acid of the species of the genus Paenibacillus [1] . The cell membrane possessed MK-7 as the predominant menaquinone. BL9 T also showed unique biochemical and genotypic features that distinguished it from its closest relatives, including P. amylolyticus, P. tundrae and P. xylanexedens. In the phylogenetic analysis of its 16S rRNA gene, BL9
T was placed within the members of Paenibacillaceae with a bootstrap support of at least 79 % at the node recovered using all the three phylogenetic treeing methods. Biochemically, BL9
T can be differentiated from its closest relatives by its positive reaction for oxidase activity and its unique ability to grow at a wide range of pH values (pH 4-10) compared with the phylogenetically closest strains. The genotypic, biochemical and other chemotaxonomic characters further indicate that it represents a novel species of the genus Paenibacillus for which the name Paenibacillus polysaccharolyticus sp. nov. is proposed.
DESCRIPTION OF PAENIBACILLUS POLYSACCHAROLYTICUS SP. NOV.
Paenibacillus polysaccharolyticus (po.ly.sac.cha.ro.ly¢ti.cus. Gr. adj. polys many; Gr. n. saccharon sugar; N.L. masc. adj. lyticus from Gr. adj. lutikos -ê -on able to loosen, able to dissolve; N.L. masc. adj. polysaccharolyticus pertaining to the ability to hydrolyse polysaccharides).
Forms pale white translucent colonies on R2A agar after 48 h incubation. Colonies are 0.5-1.5 mm in diameter, round and raised in appearance, produces polysaccharides and exhibits swarming after growth on R2A at 30 C for 24 h. On microscopic observation cells are Gram-stain-positive, rods (0.5-0.8 µm wide and 2.7-3.8 µm long) (Fig. S1) . Catalase-and The type strain, BL9
T (=NBRC 105191 T =ICMP 17623 T ), was isolated from leaves of Bamboo (Phyllostachys aureosulcata) collected from Tamilnadu Agricultural University campus, Coimbatore, India (11 N, 77 E). The DNA G+C content of the type strain is 45.6 mol% (genome-sequencebased). 
